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GILBERT & BENNEIT
STABILIZATION REPORT

A, Introduction
The purpose of this report is to present the results of the treatability study performed by

Malcolm Pirnie, Inc. to determine optimum treatment procedures for landfilled materials
at the Gilbert & Bennett site in Georgetown, CT.

The treatability study was designed to provide information on several by-product and soils
treatment needs regarding stabilization of components which may be leachable or which
components which may interfere with the stabilization process. These include;

- The TCLP variability of the constituents of concern in the different by-
product/soil matrices across the site.

- The presence of chemicals which could potentially interfere with the
stabilization agents.

Sludge/soil materials were collected from the site, characterized, and treated under bench
scale conditions. Potential in-situ treatment procedures tested involved
stabilization/solidification technology using both cementitious and pozzolanic fixating agents.
The chemical characteristics of the treated material were analyzed to determine optimum
reagents and mixture ratios. Physical characteristics which are currently being tested were
performed to make some estimate of the structural integrity of the tested material.

- Background on Site

The Gilbert & Bennett site in Georgetown, CT is 2 former metal wire production plant
dating back to the nincteenth century. During its time of operation, the plant produced 2
by-product which flowed directly into man-made lagoons on Gilbert & Bennett property
adjacent to the Norwalk River. After the by-product dried, it was "landfilled” to other

areas on site,

A previous treatability study by EC Jordan was done with Gilbert & Bennett by-product
only. In the study, EC Jordan investigated the use of Portland cement (it is not clear which
¢ was used), cement kiln dust, and lime kiln dust at various sludge:reagent ratios. The
results of the study showed that a 40% (by wet weight) cement kiln dust addition was the
optimum mixture for chemical stabilization and physical strength characteristics.

Preliminary investigations by Malcolm Pirnie have found the by-product and surrounding
soil materials to contain high levels of lead, with occasional clevated levels of cadmium,
antimony, and zinc. It has been determined that stabilization/solidification will be the
method of treatment for the by-product (wet and dry) and for any surrounding soils with
TCLP concentrations in excess of the RCRA standards (TCLP Pb > 5.0 mg/L). The
material will be treated, landfilled, and capped on site.
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Additional analyses were run to ascertain the existence of any other contaminants or
components which may inadvertently effect stabilization by possibly weakening or slowing
the process. Thesc constituents of concern included total metals and TCLP for iron, nickel,
copper, chromium, calcium, volatile organics, semi-volatile organics, total organic carbon
(TOC for carbohydrates), oxidation/reduction potential, halides, and oil & grease.

B, Study Description & Objectives

The stabilization/solidification process consists of the mixing of contaminated soil with 2
*fixating® or "binder” material to improve the chemical and physical properties of the soil to
prevent the possible leaching of contaminants out of the soil matrix. This process is varied
for different contaminants and soil/sludge materials having different characteristics.

The two main types of binder materials used are the cementitious and pozzolanic types.
The cementitious category consists primarily of Portland Types 1, 2, and 5 cements. These
reagents form a soil/concrete composite in which leaching or migration of the contaminants
is decreased by micraencapsulation of the contaminants in the concrete matrix and
conversion of the contaminant into less soluble forms. The different types of Portland
cement are used for varying chemical characteristics of materials to be stabilized.

Pozzolanic reagents (ie., fly ash/lime) produce a soil/cement matrix of lower strength than
cementitious reagents. These reagents create an insoluble form of the contaminants by
using non-crystalline silica and calcium (as in lime) to encapsulate the contaminants in a
pozzolan concrete matrix.

C. Technical Approach & Procedure

The objective of the study was to show that Gilbert and Bennett by-product and impacted
soils could be stabilized to meet the CDEP performance criteria and to address comments
raised in the CDEP’s NOD.

« Treatment Criteria

TCLP criteria were used to evaluate the effectiveness of each stabilized mixture. The TCLP
guidelines were 0.500 mg/L and 0.100 mg/L for lead and cadmium, respectively. Zinc
Jeachability was also tested even though there are no current leaching criteria for this metal
The TCLP criteria for lead and cadmium were set at ten times the drinking water standards
(10 x DWS) for the respective metals. TCLP criteria zinc are not defined in the RCRA
standards or in CDEP guidelines. However, TCLP was performed on zinc as there exists
a concern for leaching of the metal from the stabilized material into the Norwalk River
which runs adjacent to the site.

183502-1 2
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- Sludge/Soil Mixture Preparation

The sludge/soil mixtures used were predetcrmined to simulate mixtures to be produced
from actual excavation of the materials on site. These include:

Components I

50 % Wet Sludge
50 % Dry Sludge

B 1:1 Ratio of
Mixture A : Soil
C 2:1 Ratio of

Mixtu A : Soil

Note: "Soll" is composed of 80 % Soil Fill and 20 % Cindery Fill,

- Characterization of Mixtures to be Treated

Characterization of the different mixtures included tests for sulfates, parameters which may
potentially inhibit the stabilization/solidification process and total metals for lead, cadmium,
and zinc (Table 1). TCLP analyses for lead, cadmium, and zinc were also performed (listed
as controls in Tables 2-4). Mass lead, zinc and sulfate concentrations were elevated, while
TCLP lead and zinc were also generally elevated .

- Discussion of Interfering Compounds

Several types of materials can interfere with the stabilization process or hinder solidification
of the stabilized media. Specifically thesc materials can include; organic solvents and
halogens and inorganic salts such as those containing sulfates. One focus of this treatability
study was to determine the levels of the potentially interfering materials and to determine
via the bench scale tests the impact on the stabilization process.

Samples collected for use in the treatability studies were analyzed for extractable organic
halogens and volatile organic compounds (VOC) to determine the level of organics
components (See Tables 5 & 6). The samples analyzed for halogens all had non detectable
levels and the detection limit was 50 ug/Kg. Similarly the VOC data showed non-detectable
quantities of solvents with the exception of methylene chloride. Methylene chloride
concentrations ranged from less than 2 ug/Kgto 12 ug/Kg. Methylene chloride at these very
low levels would not be expected to hinder the stabilization/solidification process. Methylene
chloride is also a common laboratory contaminant often found at these levels.

In addition to the compound specific organic testing for halogens and VOCs gross organic
testing for Total Organic Carbon (TOC) and Oil & Grease (O&G) concentrations were
measured (Table 5). O&G concentrations for the samples collected from the site were
typically in the range 32 - 371 mg/Kg with one sample concentration at 2,668 mg/Kg. At
these O&G concentrations portland cement and pozzolana stabilizing agents can effectively
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treat the soils and by-product material. TOC concentrations ranged from 202 mg/L to 1,540
mg/L. In general organic contamination does not impact the stabilization process at
concentrations below 20-40 %. Since TOC concentrations are in the range of 0.2 -1.5 % we
would not expect the stabilization process to be impacted. Also, there is no evidence to
suggest that oxidation/reduction potential of the samples has any impact on the
stabilization/solidification process.

Inorganic salts, particularly sulfates will hinder the curing process of some cement based
stabilizing agents. Portland Type 1 cement can only be used where sulfate concentrations
are less than 1500 mg/Kg. Since sulfate concentrations of the mixes tested during this study
were 100,000 mg/Kg - 200,000 mg/Kg portland type 1 cement was not chosen as a candidate
solidification agent. Instead portland type 2 cement which has application to soils containing
sulfates in excess of 1500 mg/Kg was used. Other pozzolana agents were also tested since
these also are not typically affected by inorganic salts.

In summary, based on a review of available information in the literature and site data, the
major potential problem posed by interfering compounds is the presence of sulfate. The
potential for sulfate interference is addressed in the following treatability studies. The
remaining potential interfering compounds are not ubiguitous to the site or present at
concentrations that could potentially effect stabilization. Additional discussion of
stabilization process chemistry and interfering compounds is presented in E.C. Jordan's
November 1990 By-Product Scope of Study (attached).

- Fixating Agents

As a result of the mixture characterization, the different fixating agents used for the study
were:

. Portland Type II Cement
. Portland Type II Cement with added Silicates
. Cement Kiln Dust

. Fly Ash with Lime.

As the high sulfate concentrations required special attention in the stabilization process,
Portland Type II cement was chosen as the most appropriate cement for fixation. Previous
documented results using cement with added silicates, kiln dust and 8y ash with lime as
fixating agents also showed promise in the stabilization of materials with high lead
concentrations. The lime/fly ash mixture consisted of 40% fly ash and 60% lime.

Analyses for total lead, cadmium, and zinc were done on the different fixating agents Table
7). Lead and zinc results were somewhat high for each, though insignificant when compared
with the sludge/soil mixtures to be stabilized.
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- Sludge/soil : FA Ratios

Sludge/soil:FA ratios (by dry weight) used for each fixating agent ranged from 1:1 to 6:1
(see Tables 24). More conservative ratios (1:1 & 2:1) were used initially due to concerns
of strength characteristics of the resulting fixated mixture. Higher discretionary ratios (4:1
& 6:1) were also used, as appropriate, to improve the stabilizing characteristics of the

fixating agents.

» Procedure

Sludge/soil mixtures A, B, and C were combined with all fixating agents (except fly
ash/lime) at initial sludge/soil:FA ratios of 1:1 & 2:1. Only a 1:1 ratio was used for the fly
ash/lime fixating agent. The samples were mixed with the FA additions based on dry weight
of the sludge/soil mixture. The sludge/soils dry weight was calculated using previously
obtained percent solids data.

The stabilized materials were allowed to cure for a period of 7 days and were then analyzed
for TCLP lead, cadmium, and zinc. Results were then used to determine if discretionary
ratios and/or fixating agents should be used. Later discretionary ratios used were 4:1 & 6:1.
Addition of sodium bicarbonate as a buffer was also tested. ‘

D n of ults
« Discretionary Ratios and Fixating Agents

Results for these initial ratios failed the TCLP criteria, so discretionary ratios and fixating
agents mixtures were introduced. It was shown in the initial trial runs that the 1:1 mixtures
were less effective in stabilizing the sludge/soils than the 2:1 ratio. As a result, higher ratios
were attempted with more promising results.

The suspected reason for the decreased cffectiveness of the lower ratios was the high pH
mixture created by the fixating agents. The pH values for all the mixtures were
approximately 11 while the optimum pH for stabilization of lead is approximately 9.1. The
mixtures with the lower ratios contained amounts of fixating agent too great for the
buffering capacity of the sludge/soil material.

In addition to using higher sludge/soil:FA ratios, lower ratios were once again attempted
using the addition of sodium bicarbonate as a buffering agent in the system (Tables 8 & 9).
The appropriate amount of sodjium bicarbonate was determined by measuring the pH of the
different stabilized mixtures, while continuously adding the bicarbonate. An optimum pH
of 9.1 was chosen to determine the correct amount of sodium bicarbonate to be added. This
of course added more weight to the total mixture, as well as additional material costs.

The data show that cement kiln dust in a ratio of 4:1 by-product-soils:cement kiln dust and
6:1 by-product-soils:portland type 2 cement resulted in a treated product which passed all
disposal criteria. At these mix ratios the expected increase in dry weight terms is 20 % for
the cement kiln dust mix and approximately 14 % for the portland type 2 mix. Increases in
weight on a wet weight wet basis is summarized below:

1835-02-1 -5
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Mixture Percent Solids, % % Increase Wet Weight
Mix1 Mix 2
A 45 13.75 9.60
B 55 1125 7.50
C 51 12.50 820

Unconfined compressive strength testing and flexural strength testing was not needed for
these samples since the plan is to crush the solidified material prior to ultimate disposal
However, minimum and maximum densities should be determined as part of the field

demonstration testing.

Stabilized samples were also tested for free liquids since Land Ban regulations prohibit the
placement of hazardous material containing free liquids. RCRA’s 40 CFR 264.314 and
265.314 requires the "Paint Filter Test" to determine the presence of free liquids in these
materials. All stabilized samples passed the paint filter test.

E Findings & Conclusions

The following is a list of conclusions drawn from the resulting data:

. Silicates have no enhancement ability on the stabilization process for this
material (TCLP’s were higher for some samples in which silicates were
added),

. Using fly ash with lime cannot be considered a viable option based on this
study due to the excessive amounts of it needed for fixation and its very high

TCLP results,

. Lower sludge/soil:FA ratios do not guarantee optimum stabilization results.
Higher ratios (4:1 and 6:1) gave lower TCLP lead values with slightly higher
TCLP cadmium and zinc values,

. Higher ratios had lower strength characteristics than the lower ratios.

Taking these factars into consideration, the data show that there are two stabilizing agents
which can produce a treated material which meets all the disposal criteria. These stabilizing
agents are a 4:1 Sludge/soll: Cement Kiln Dust mixture and the 6:1 by-product/solk
Portland Type 2 cement mixture. The results of the study also have shown that some
potentially interfering compounds are not present in concentrations which would hinder the
stabilization process and compounds such as sulfate can be effectively handled by the
stabilizing agents such that all treatment objectives and disposal criteria can be met.

F, Recommendations

While it has been demonstrated that the stabilization criteria can be achieved, it is
recommended that field-scale pilot testing be done to determine optimum fixating agent and
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sludge/soil:FA ratio. The possible addition of chelating agents should also be investigated
to further enhance stabilization. It is also recommended that additional tests be run on the
addition of buffering agents (ie. sodium bicarbonate) to improve the
stabilization/solidification process.

It is recommended that the specifications must be developed so that as part of the
demonstration testing of fixation processes the contractor will be required to laboratory test
the final crushed fixated materials for minimum and maximum densities. The contractor will
then be required to place the crushed materials to a specific density in order to provide

sufficient bearing capacity.
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SLUDGE/SOIL ANALYSIS RESULTS

SULFATE MASS Pb
CONC. CONC.
134,382
B 206,132 6,936 2.12 14,795
C 158,005 7,940 2.06 9,653
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Table 2

FIXATION RESULTS USING PORTLAND TYPE I CEMENT

A
T CONTROL - 672 0.127 |
c CONTROL - 5.00 0.080 105
A 6:1 032 | <o00s | <002
A 41 o495 | <oas | <00 |
A 21 0566 | <0028 | 0030
A 11 18 | <007 [ 0102
B 6:1 3861 | <0025 | 157
B 41 0445 | <0028 | <0023
B 21 0436 | <0028 | 0457
B
C

4:1

2:1 0.484 <008 | <0023 |

1.73

1.1

0.521

2:1 0.532 <0.028

4:1 0.475 < 0.028

C
C
C
A 4:1
A
B
B

2:1 0375 <0.028

N
N
N
N
N
N
N
1:1 N 127 < 0.071 0.076 i
i 6:1 N 0.288 < 0025 | <0023
N
N
N
Y
Y
Y
Y
Y

0095 |

< 0.023

F < 0.023

| C 4:1 0392 < 0.028 < 0023
C 2:1 Y 0.549 <0.028 < 0.023 I
NOTE ON SS MIXTURES: A = 50% Dry Sludge + 50% Wet Sludge

B = {:1 - Mixture A : Soil
C s 2:1 - Mixture A : Soil

Soil = 80% Soil Fill + 20% Cindery Fill




